Fifteen adult women were given diets in which the intake of complex carbohydrates was increased from 20 to 30 g over a 12 week period. Metabolic balances were carried out, iron and zinc absorption tests performed using stable isotopes, and Fe and Zn status monitored. Although effects on bowel function were observed, the changed diet had no influence on any of the previously described variables. It was concluded that a moderate increase in cereals, fruit and vegetables did not have an adverse effect on Fe or Zn nutrition.
Recent dietary recommendations have suggested that intakes of complex carbohydrates (dietary fibre) be increased in the UK diet from 20 to 30 g/d (National Advisory Committee on Nutrition Education (NACNE), 1983) or that the reduction in energy intake resulting from the reduced fat intake proposed by the Committee on Medical Aspects of Health (COMA) (Department of Health and Social Security, 1984) should be compensated for by increased amounts of fibre-rich carbohydrates. A recent report from the Federation of American Societies for Experimental Biology (Pilch, 1987) has recommended an upper limit of 35 g/d. Health may be improved and disease reduced if this objective is achieved but there is some concern that mineral availability may be impaired by a diet high in complex carbohydrates.
There is some evidence that complex carbohydrates reduce the absorption of certain minerals, but a recent review (Walker, 1987) shows that the results from human studies are conflicting. Problems arise due to the different levels of complex carbohydrates fed, some of the intakes bearing little relation to the human dietary situation (Rattan et al. 1981) . The use of different sources (bran, pectin, cellulose and hemicellulose) and different foods (cereals, fruits and vegetables) also makes overall interpretation of the studies difficult. Concurrent changes in mineral intake associated with consumption of foods high in complex carbohydrates add to the confusion. Furthermore, many also contain phytate and it is difficult to separate the effects of these two components, both having the ability to bind minerals in vitro. Recent experimental evidence, however, points to phytate rather than complex carbohydrates as a major determinant of mineral availability (Anderson et al. 1983; Hallberg et al. 1987) .
The situation is further complicated because different methods of analysis have been used to measure the intake of complex carbohydrates (Southgate & Englyst, 1985) , and different techniques employed to assess mineral absorption. The metabolic balance is often used in human studies, but more recently stable isotopes have been employed as more accurate and versatile methods of studying mineral absorption (Fairweather-Tait & Minski, 1986) .
Most of the studies conducted so far have been of short duration (10-30 d) and whilst the majority have attempted dietary control, some have relied on specific fibre supplements added to self-selected diets. Long-term studies are difficult to control but there is some evidence that adaptation to changes in both complex carbohydrates (Walker et al. 1948) and nutrient intake (Hegsted et al. 1952; Malm, 1958) can occur. For example, vegetarians showed no evidence of depressed iron and zinc status despite high intakes of complex carbohydrates (Anderson et al. 198 l) , and epidemiological studies indicate that populations habitually consuming diets high in complex carbohydrates do not have poor mineral status (Walker, 1987) .
Therefore, even if a diet high in complex carbohydrates reduces mineral absorption in the short term, the body may respond in the longer term by gradually increasing the efficiency of absorption. This may depend on changes in mucosal transport, including the site of maximal absorption, or alterations in microbial metabolism whereby the minerals are released from their bound form (James, 1980) . The purposes of the present study were to assess the immediate and long-term effects of a moderate increase in complex carbohydrates to a level equivalent to the NACNE (1983) guidelines on (a) Fe and Zn balance, (b) absorptive efficiency of Fe and Zn by the use of stable isotopes and (c) Fe and Zn status. We also examined the effects on these indices of returning to the normal diet after prolonged ingestion of the diet containing the foods high in complex carbohydrates.
E X P E R I M E N T A L

Experimental design
Fifteen female volunteers participated in the study, which lasted for a total of 14 weeks, and was designed as shown in Table 1 . In order to control the study effectively, subjects were split into two groups. Eight subjects participated from February to May 1986 and seven participated in exactly the same conditions and at the same time of year from February to May 1987.
During the week before the study, subjects weighed all food and drink consumed using Salter dietary scales weighing accurately to 5 g, and recorded intakes in booklets provided. Each subject then ate a controlled diet of approximately the same energy and fibre content as their habitual diet, determined from previous 7 d weighed dietary records (see p. 600). The habitual diet, which will hereafter be called the normal-fibre (NF) diet, contained approximately 20 g fibre/d, calculated from standard food tables (Paul & Southgate, 1978) . The controlled N F diet was consumed from the first 6 d of the study (period 1) and duplicates of all food, faeces and urine corresponding to this period were collected.
At the end of the 6 d metabolic period, the volunteers consumed a diet containing increased amounts of complex carbohydrates in which higher-fibre foods were substituted for the lower-fibre foods of the N F diet. The higher-fibre (HF) diet was consumed for 12 weeks. During the first of these 12 weeks (the second week of the study), the subjects were given instructions and lists of H F foods to enable them to increase the fibre content of their diets by approximately 50 % (from 20 to 30 g/d). This fibre increase mimics the long-term In week 3, subjects ate a controlled H F diet of approximately the same energy content as the NF diet in week 1 but with a 50 % greater fibre content (approximately 30 g/d); the controlled H F diet was again consumed for 6 d (period 2) and all food, faeces and urine collected as described before.
From weeks 4 to 12, the subjects were again instructed to consume an H F diet, weighing and recording all food and drink as in week 2 and noting any gastrointestinal symptoms or other illness.
In week 13, the controlled H F diet was again consumed for 6 d (period 3). This was followed immediately by a 6 d period on the controlled N F diet (period 4) exactly the same as week 1. All food, faeces and urine corresponding to these two metabolic periods were collected as before.
One 20 ml blood sample was collected on the morning after the last day of each of the four metabolic periods. mineral supplements and none had donated blood in the last 12 months. All subjects were omnivorous with habitual dietary fibre intakes of 15-25 g/d, assessed by 7 d weighed dietary records completed before recruitment into the study and calculated from standard food tables (Paul & Southgate, 1978) .
The subjects lived in either a hall of residence in the grounds of the college or in nearby accommodation and were encouraged to continue with their normal activities throughout the experiment. Their height and weights were recorded at the start of the study and they were thereafter weighed weekly. All remained healthy for the duration of the study, only one subject taking two 500 mg paracetamol tablets to alleviate minor cold symptoms in the 8th week.
Diets
Two separate menus were designed for the N F and the H F metabolic periods. The breakfasts were the same each day except for the second day when the Fe or Zn isotope was given in a cola drink instead of breakfast. The main meals were different each day. The increase in complex carbohydrates was achieved by substituting high-fibre muesli for cornflakes, wholemeal for white and brown bread, brown for white pasta, lentil for chicken soup, and consuming baked beans and extra potato.
Diets N F and H F contained approximately 6.3 MJ energy. Carbohydrate, protein and fat furnished approximately 47, 17 and 36 % of the total energy intake respectively. Dietary fibre calculated from standard food tables was 21 g in the N F diet and 33 g in the H F diet. The calculated macro-and micro-nutrient contents of the diets are shown in Table 2 .
Energy intake was adjusted on the basis of the 7 d weighed records completed by the subjects before the start of the study by altering bread and margarine intake and offering sugar, biscuits and yoghurt.
In an attempt to ensure constancy of composition, as much food as possible was bought and main meals and sandwiches prepared before the start of the study. All the meals were prepared in the metabolic kitchen of the Nutrition Department and weighed to the nearest 0.1 g. Single meals were transferred to plastic trays, wrapped in cling film and deep frozen. Only homogenized milk and fruit were bought weekly or as required.
On weekdays, the subjects ate their evening meals in the metabolic kitchen and took weighed and prepared food away for all weekend meals, breakfasts, lunches and snacks. They were instructed to eat all food provided and to eat no additional food. All tea, coffee and water consumed were weighed and recorded.
Two complete collections of the meals from diets N F and H F were made from each dietary period and homogenized using a Moulinex food processor. Duplicates of extra food consumed were collected and homogenized separately. Waste food was also weighed and homogenized. Measured amounts of deionized water were added where necessary to make the food into a paste. Portions were removed and freeze-dried and ground into a fine powder in a Moulinex coffee grinder for subsequent analysis.
Isotope studies
The eight subjects participating in 1986 were given the Fe isotope 58Fe and the seven subjects participating in 1987 were given the Zn isotope 68Zn. Fe or Zn absorption was measured in each of the four study periods.
On the second day of each metabolic study period, the first eight subjects presented themselves after an overnight fast and were given 200 ml of a cola drink containing 54 pmol Fe as ferrous sulphate labelled with 20 pmol 58Fe (AERE, Harwell), i.e. a total of 74 pmol Fe. Two capsules, each containing 10 barium-impregnated radio-opaque pellets, were taken at the same time, in order to check for the completeness of the faecal collection. On the second day of each metabolic study period, the second seven subjects were given 200 ml of a cola drink containing 138 ymol 68Zn as zinc chloride (Technical and Optical Equipment, Edgware Rd, London), together with two capsules of radio-opaque pellets, as described above.
Faecal and urine collection
Faecal samples were collected using carmine BPC (250 mg in a capsule given before breakfast on the 1st and 7th days) to mark the beginning and end of the metabolic period. Intestinal transit times were measured with the carmine markers. Faecal samples were collected in large polyethylene bags and stored in plastic flasks. They were frozen as soon as possible, then weighed into foil trays, covered and stored at -20". Whole samples were freeze-dried, weighed and homogenized in a new Moulinex coffee grinder and pooled into 6-d lots. Samples were sieved through a plastic sieve and the number of radio-opaque pellets counted. The samples were thoroughly mixed in a powder mixer (Pascal1 Engineering, Crawley, Sussex) for 30 min and portions taken for analysis.
Urine samples (24 h) were collected into 2-litre plastic containers previously washed with dilute hydrochloric acid and containing 20 ml 5 M-HCl (Analar grade) as preservative. The volume was measured, portions taken and stored at -20" before analysis.
Serum collection
On the morning after the last day of each metabolic study period, a 20 ml venous blood sample was withdrawn from the antecubital vein of each subject into plastic syringes using stainless-steel needles. Blood was immediately transferred into plastic containers.
A 5 ml sample of blood was reserved for the measurement of haemoglobin and packed cell volume (PCV). The remainder was centrifuged at 2000 g for 10 min and the serum separated using Pasteur pipettes. Serum was stored at -20" for subsequent analysis.
Analytical procedures
Fe and Zn concentrations in duplicate samples of food, faeces and urine were measured by atomic absorption spectroscopy (AAS ; PU9000 ; Pye Unicam, Cambridge). Freeze-dried samples of food and faeces were ashed in silica crucibles in a muffle furnace for 48 h at 480". When cool, 2.5 ml hot Analar concentrated HCl were added and the solution made up to 25 ml with deionized water. The solutions were filtered through Whatman no. 542 filter 
NCP, non-cellulosic polysaccharide; NF, normal-fibre diet on days 1 4 (period 1) and 91-96 (period 4); HF, high-fibre diet on days 15-20 (period 2) and 85-90 (period 3).
paper and stored in plastic vials at 4". Urine samples were analysed by a wet ashing procedure with concentrated nitric acid. Reference standards were prepared from National Bureau of Standards wheat flour (SRM 1567) and analysed at the same time as the samples to verify accuracy. Coefficients of variation for control materials of Fe and Zn were 4.1 and 3.2 YO respectively. Duplicate portions of the faecal ash were analysed for 58Fe by neutron activation analysis (NAA), as described previously (Fairweather-Tait et al. 1983) and for 68Zn by fast atom bombardment mass spectroscopy (FABMS) using the same method as described for 67Zn (Fairweather-Tait et al. 1989) .
The phytate content of the basic diets was measured, separating the phytate by the method of Harland & Oberleas (1986) . Hydrolysis of phytate eluate was carried out with sulphuric acid for 3 h at 140", and phosphorus analysis was by the method of Parker & Peterson (1965) .
The non-starch polysaccharide (NSP) content of diets N F and H F was measured in duplicate by the Englyst method (Englyst & Cummings, 1984) .
Serum ferritin was determined by radioimmunoassay (DuPont UK Ltd). Serum Zn was analysed by AAS. Haemoglobin was measured in whole blood by the cyanomethaemoglobin method (Cannan, 1958) and PCV by the microhaematocrit technique.
Statistical analysis
The values were analysed using the SAS statistical package. Two-way analysis of variance was used to test for significant differences. Where significant F values were obtained, means were compared using the least significant difference (LSD) test (Montgomery, 1984) . Initial and final serum and whole blood values were compared by the paired t test. Statistical procedures were based on information in SAS User's Guide (Barr et al. 1976) .
Ethical considerations
The experiment was approved by both King's College Human Experimentation Committee and the Ethical Committee of the AFRC Institute of Food Research, Norwich.
R E S U L T S
Phytate and N S P intakes
Phytate contents (mmol/d) of diets N F and H F were 0.3 and 0.6 respectively. Analysed NSP (g/d) contents are shown in Table 3 . NSP values were lower than dietary fibre values calculated from standard food tables.
Marker recovery
During each of the four study periods each subject received twenty radio-opaque pellets, given with the stable-isotope-labelled drink. Overall recovery was 96.5 YO. Body-weight and stool output Body-weights fluctuated throughout the 14-week study and five subjects each lost 1 kg but these changes were not significant. Mean faecal wet and dry weights (Table 4 ) both increased significantly with diet H F during period 2 but after 12 weeks decreased significantly compared with values obtained during period 2. Although faecal weights were greater with diet HF in period 3 than with diet N F in period 1, this difference was not significant. On returning to diet N F (period 4), faecal wet weight did not decrease, but dry weight fell to the same level as in period 1. Mean transit time fell significantly (P < 0.05) from 50 h with diet N F (period 1) to 28 h with diet H F (period 2). Transit time with diet H F (period 3) was 32 h and with diet N F (period 4) was 30 h. Transit time was significantly less in periods 2-4 compared with period 1.
Fe and Zn status
Mean values for haemoglobin, PCV, serum ferritin and serum Zn (Table 5) were in the normal range for women, although one subject had a low initial haemoglobin which increased after 12 weeks. Initial serum ferritins were < 20,ug/l in three subjects but increased to within the normal range in two of these subjects after 12 weeks on diet HF. Results are shown only for diet N F (period 1) and diet H F (period 2) as there were no changes in the other periods. The diets apparently had no significant effects on these measurements.
Fe and Zn balance There were no significant changes in Fe or Zn balance (Tables 6 and 7) nor in apparent absorption, although the inter-subject variation was large. In all but one subject apparent (period 2) and days 85-90 (period 3). Fe absorption decreased with diet H F in period 2 and increased with diet H F in period 3. Apparent Fe absorption decreased in six subjects on returning to diet N F in period 4. The subjects as a whole were in positive Fe balance throughout the study except after returning to the N F diet, when Fe balance became slightly negative. All subjects were in positive Fe balance on diet H F during periods 2 and 3. Zn balance in the whole group was maintained throughout the study. Mean Zn balance and apparent absorption fell with diet H F in period 2, but increased with diet H F in period 3; these changes were not significant.
P . M. M A S O N A N D OTHERS
Dietary intakes of Fe and Zn increased significantly on diet HF. Fe excretion increased significantly with diet H F in period 2 and decreased with diet H F in period 3. Zn excretion also increased with diet H F in period 2 and fell with diet H F in period 3, but these differences were not significant.
Absorptive eficiency of Fe and Zn
The isotope values are shown in Figs. 1 and 2 . There were no significant changes in the apparent absorption of either 58Fe or "Zn at each time studied, although there was much inter-subject variation. Mean percentage absorption from the four consecutive test meals was 32.7 (SEM 10.2), 31.5 (SEM 6.6), 33.5 (SEM 7.5) and 43.5 (SEM 5.4) for 5RFe, and 50.6 (SEM 54), 49.7 (SEM 3.9), 38.1 (SEM 5.2) and 50.4 (SEM 8.3) for 68Zn. It is interesting to note that on returning to diet N F at the end of the study, seven out of eight subjects showed increased Fe absorption and five out of seven subjects showed increased absorption of Zn.
DISCUSSION
The aim of the present study was to effect only a moderate increase in the complex carbohydrate content of the diet (following NACNE (1983) recommendations) by the use of conventional foods rather than unphysiological amounts of fibre isolates. There has been much enthusiasm for these recommendations and it is encouraging that a moderate increase in complex carbohydrates showed no overall deleterious effects on Fe and Zn balance and, more importantly, on Fe and Zn status.
High-fibre diets have been recommended in slimming regimens, e.g. the F-plan diet (Eyton, 1982) , but usually in conjunction with energy restriction. The subjects in the present study maintained body-weight throughout the 14 week period, and although the diet contained more fibre there was no attempt to restrict energy intake. All the subjects were very conscientious, only one subject admitting to an extra bar of chocolate during period 1, analysis of which was included in the intake values. Most of the subjects enjoyed their diets and found their fibre target during the 12-week self-selection period relatively easy to achieve.
Analysed NSP contents of diets N F and H F were lower than calculated dietary fibre values. This is mainly because the Englyst & Cummings (1984) method for NSP does not include values for resistant starch and lignin, which are included in fibre values in standard food tables.
Complex carbohydrates are an important determinant of faecal output and a 50 % increase in fibre intake increased faecal weight by 42 YO in period 2. Increase in faecal weight was not so great as in some studies (Judd, 1982; Anderson et al. 1983) , but the intake of complex carbohydrates was lower. Cereals (often as bran or wholemeal bread) are often more effective at increasing faecal weight than fruits and vegetables (Stasse-Wolthuis et al. 1980; Stephen & Cummings, 1980) . In the present study, mixed diets were given and increase in complex carbohydrate intake was achieved by use of cereals and fruit and vegetables. The observation that much of the increase in complex carbohydrate intake during the HF diet periods was in the insoluble NCP fraction ( Table 3 ) would indicate that cereal fibre predominated. The decrease in faecal weight in period 3 is probably part of an adaptive response. The mixed fibre source would provide a readily usable substrate for the stimulation of colonic microbial growth in the initial weeks of the study, with the increase in bacterial mass contributing to the increased faecal output in period 2 (Stephen & Cummings, 1980) . There is some evidence for stabilization of bacterial mass and stool weight in rats after 4 weeks of fibre consumption (Walter et al. 1986) . Stool weights also stabilized in man after 7 weeks of bran consumption (Beck et aZ. 1986 ) and fell slightly after 4 weeks of cellulose or pectin consumption (Spiller et al. 1980 ). We did not measure either the bacterial mass or the complex carbohydrate content of the faeces, so we cannot comment on any microbial change or alteration in fibre digestibility that there might have been over the 12 week H F diet period. However, there was a fall in wet and dry faecal weight in period 3, so it is possible that after an initial increase, colonic bacterial mass had stabilized as part of an adaptive response to the prolonged feeding of complex carbohydrates, contributing to the decrease in faecal weight.
The decrease in faecal dry weight in period 4 was probably the result of the lower intake of complex carbohydrates. Total faecal weight did not fall during this period, possibly in part because there was no immediate decrease in microbial mass, as reported in other studies. For example, Robertson et al. (1979) found that stool weight did not fall until 3 weeks after carrot consumption was discontinued. The habitual diet was only consumed for 6 d after the end of the H F diet period and this is obviously not a long enough period for transit times and faecal weights to fall to the values obtained at the start of the study.
There was little change in percentage water content of the faeces during the 12 week period, but water content seems to be fairly tightly controlled . Mean stool moisture values were low, with water contents of < 700 g/kg in six subjects throughout the study, but women have been shown to produce harder stools than men (Davies et al. 1986 ). In premenopausal women, stool weight is sometimes affected by the different phases of the menstrual cycle. Davies et al. (1986) have shown that there is a significantly greater proportion of soft stools produced during the menstrual phase of the cycle and that stool weights are greater at this time than in the luteal phase. This may be related to release of prostaglandins at this stage of the menstrual cycle (Rees & Rhodes, 1976) . In the present study, it is interesting that faecal weights actually increased in eight subjects in period 4 when intake of complex carbohydrates decreased. Menstruation dates were noted and five of these subjects started to menstruate during this experimental period.
The Fe and Zn excretion values fall in the range reported by Hallfrisch et al. (1987) and Spiller et al. (1986) . Both balance and isotope studies showed a wide inter-subject variation in Fe and Zn absorption, although the variation was somewhat less with Zn. Large differences between subjects in Fe absorption have been shown previously (FairweatherTait & Minski, 1986) , and this makes it difficult to determine to what extent differences in absorption are related to change in diet or to the Fe status of the subject. Fe status has often been regarded as a major determinant of non-haem-Fe absorption (Rossander et al. 1979) . Serum ferritin levels are considered to be a good indication of body Fe stores, but in the present study there was no correlation between ferritin concentrations and "Fe absorption. Differences in Fe absorption cannot, therefore, be explained in terms of differences in Fe status.
It has been suggested that the short-term control of Fe absorption is mediated through the mucosal cells of the small intestine (Fairweather-Tait & Wright, 1984) and that this mechanism is independent of whole-body status. Previous results (Fairweather-Tait & Wright, 1984 , Fairweather-Tait et al. 1985 , Fairweather-Tait & Minski, 1986 show that Fe absorption is inversely and exponentially related to the previous day's Fe intake. There was a weak inverse correlation between previous day's Fe intake and 58Fe absorption (u -0.3, P < 0.05), so this may partly explain the differences in Fe absorption. The effect of previous Fe intake on Fe absorption Seems to be diminished as the time interval increases (Fairweather-Tait et al. 1985) . There was no correlation in the present study between "Fe absorption and the previous week's Fe intake, so although Fe intake was controlled only in the week before period 4, this does not explain the wide variation in Fe absorption.
Results of most human studies show that complex carbohydrates do not have a great effect on Fe balance (Kelsay, 1981) , although bran but not pectin or cellulose was shown to decrease Fe absorption (Cook et al. 1983 ). There was a significant increase in faecal Fe excretion during period 2, but apparent absorption and balance did not change significantly due to the increase in Fe intake. There was a non-significant improvement in Fe balance during period 3, but the isotope study showed almost no change in the absorptive capacity of the intestine for Fe. Fe excretion increased during period 4 and balance became slightly negative, but this could be due to the incomplete collection of the previous week's Fe intake.
Zn absorption was not correlated with the previous day's or previous week's Zn intake. There was also no correlation between serum Zn and absorption of 68Zn, but serum Zn is probably not a very sensitive indicator of Zn status.
There is some evidence that complex carbohydrates decrease Zn balance (Kelsay, 198 I) , but it is possible that the body can adapt to diets low in Zn or diets of poor Zn availability (Campbell et al. 1976) . Apparent absorption and Zn balance decreased during period 2 and increased again in period 3, but these changes were not significant.
Phytate content of the diet appears to influence Zn availability. While phytate intake approximately doubled on diet HF, this difference was not so marked as in other studies. Daily intakes of phytate in non-vegetarian menus were 0.4 mmol but in vegetarian menus were 3.9 mmol (Oberleas & Harland, 1981) . The greatest concentration of phytate is found in legume seeds, bran and germ of cereal grains, with only small amounts in fruit and vegetables. However, we did not give large quantities of bran, wheat germ, nuts or beans, therefore we achieved only a relatively modest increase in phytate intake. It has been suggested that the phytate: Zn molar ratio is a predictor of Zn availability, whereby ratios of less than 10 are thought to be acceptable in providing adequate dietary Zn, and daily ratios consistently above 20 may jeopardize Zn status (Oberleas & Harland, 1981) . Phytate:Zn ratios were 2.5 on diet N F and 3.5 on diet HF, so it is not surprising that no deleterious effects were seen on Zn absorption.
Although the isotope results very broadly agree with the results of the balance study, that is, no significant effect of fibre on Fe and Zn absorption, it is interesting to note that individual results very often do not follow the same pattern with regard to mineral absorption from a single dose of isotope and apparent absorption from the diet, measured over a 6 d period. The fact that there were no changes in haemoglobin, PCV, serum ferritin or serum Zn confirms the lack of effect of a moderate increase in complex carbohydrates on mineral nutrition. These results agree with those of an earlier study in which the effects of 'fibre filler', a mixture of cereals, fruit and nuts given as part of the F-plan diet (Eyton, 1982) on Fe and Zn status were monitored in adults for 12 weeks (Fairweather-Tait et al. 1988) . The addition of fibre-filler (12 g NSP) to the daily diet did not have an adverse effect on Zn status, in subjects not undergoing a weight-reducing regimen.
The present study has demonstrated the acceptability of an increase in complex carbohydrate intake in a small group of young females, in line with recent recommendations. While there was much individual variation in Fe and Zn absorption, overall balances and absorptions did not change significantly. A moderate increase in complex carbohydrate intake using commonly consumed foods had no deleterious effects on the bioavailability of Fe and Zn. There appeared to be a tendency towards improvement in both Fe and Zn balance after 12 weeks on the H F diet. However, results of the isotope study suggested that this could not be explained in terms of an increased efficiency of --absorption of Fe or Zn, and the fact that there were no measurable changes in Fe and Zn status suggests that the differences in the balance results were of no great biological significance.
